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4.0 AFFECTED ENVIRONMENT

This chapter describes the environmental setting and existing conditions associated with Los Alamos
National Laboratory (LANL) and the U.S. Department of Energy (DOE) operations at the site; it forms a
baseline description for use in evaluating the environmental impacts of the reasonable alternatives
identified in Chapter 3. Since existing conditions at the site were described in detail in the Site-Wide
Environmental Impact Statement for Continued Operation of Los Alamos National Laboratory,

Los Alamos, New Mexico (1999 SWEIS) (DOE 1999a), information presented in that document is
incorporated by reference. The present chapter provides a summary of each resource area for
context, based on the 1999 SWEIS, but emphasizes differences that have occurred in the
environmental setting since its publication. Resource areas addressed include land resources, geology
and soils, water resources, air quality and noise, ecological resources, human health, cultural
resources, socioeconomics and infrastructure, waste management and pollution prevention,
transportation, environmental justice, and environmental restoration.

LANL islocated in north-centra New Mexico, 60 miles (97 kilometers) north-northeast of
Albuquerque, 25 miles (40 kilometers) northwest of Santa Fe, and 20 miles (32 kilometers)
southwest of Espafnolain Los Alamos and Santa Fe Counties (see Figure 4-1). LANL and the
surrounding region are characterized by forested areas with mountains, canyons, and valleys, as
well as diverse cultures and ecosystems. The areais dominated by the Jemez Mountains to the
west and the Sangre de Cristo Mountains to the east. These two mountain ranges are divided
north to south by the Rio Grande. LANL islocated on the Pgjarito Plateau, which is cut by

13 steeply-sloped and deeply-eroded canyons that have formed isolated finger-like mesas running
west to east. Most structures at LANL are located on these mesas (DOE 1999a).

DOE eva uated the environmenta impacts within defined regions of influence for each resource
area. Theregions of influence are specific to the type of effect evaluated, and encompass
geographic areas within which any significant impact would be expected to occur. For example,
human health risks to the general public from exposure to airborne contaminant emissions were
assessed for an area within an 80-kilometer (50-mile) radius of the proposed facilities. Economic
effects were evaluated within a socioeconomic region of influence that include the county in
which the siteis located and nearby counties in which substantial portions of the site’s workforce
reside. Brief descriptions of the regions of influence are givenin Table 4-1.

This chapter presents information about the LANL environment to serve as a baseline against
which impacts can be compared. Depending on the resource area being discussed, data are
presented in different ways. For resource areas with annually quantifiable metrics (such as
effluent discharges or radiological doses) datafor a number of years are shown, generally for the
years since the issuance of the 1999 SWEI Sthrough 2004. For other resource areas (such asland
use, noise, ecology, and cultural resources) the data are current as of the end of 2004 unless
otherwise noted.
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Chapter 4 — Affected Environment

Table4-1 General Regions of Influencefor the Affected Environment

Environmental Resources Region of Influence
Land Resources The site and the areas immediately adjacent to the site
Geology and Soils Geologic and soil resources within the site and nearby offsite areas
Water Resources Surface water bodies and groundwater located onsite, on adjacent properties, and

extending to northern New Mexico and southern Colorado

Air Quality and Noise The site, nearby offsite areas within loca air quality control regions, where
significant air quality impacts may occur (air quality); the site, nearby offsite areas
and access routes to the site (noise)

Ecological Resources The site and adjacent areas

Human Health The site and offsite areas within 50 miles of the site where worker and general
population radiation, and hazardous chemical exposures may occur

Cultural Resources The area within the site and adjacent to the site boundary

Socioeconomics and Infrastructure The counties where approximately 90 percent of site employeesreside
(socioeconomics); the site (infrastructure)

Waste Management and Pollution The site

Prevention

Transportation Local areaand transportation corridors to offsite locations

Environmenta Justice The minority and low-income populations within 50 miles of the site

Environmental Restoration The site

Note: To convert milesto kilometers, multiply by 1.6093.

41 Land Resources

Land resources include land use and visual resources. Land use is defined as: Theway land is
developed and used in terms of the kinds of anthropogenic activities that occur (such as
agriculture, residential areas, industrial areas) (EPA 2006). Natural resource attributes and other
environmental characteristics could make a site more suitable for some land uses than for others.
Changesin land use may have both beneficial and adverse effects on other resources such as
geological, atmospheric, ecological, and cultural resources. Visual resources are natural and
manmade features that give a particular landscape its character and aesthetic quality. Landscape
character is determined by the visual elements of form, line, color, and texture. All four elements
are present in every landscape (BLM 1986).

411 Land Use

Land useinthe LANL region islinked to the economy of northern New Mexico, which depends
heavily on tourism, recreation, agriculture, and the Federal and state Governments for its
economic base. Area communities are generally small and primarily support urban uses
including residential, commercial, light industrial, and recreational facilities. The region also
includes American Indian communities; lands of the Pueblo of San lldefonso share LANL’s
eastern border, and six other pueblos are clustered nearby. Entities that serve asland stewards
and determine land uses within the LANL region are depicted in Figure 4-2. Theseinclude
DOE, the U.S. Forest Service, American Indian pueblos, the U.S. National Park Service, the
County of Los Alamos, private land owners, the State of New Mexico, and the U.S. Bureau of
Land Management.
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LANL isdivided into 48 technical areas (TAS) (not including TA-0 which comprises |leased
space within the Los Alamos townsite) covering 25,600 acres (10,360 hectares) with location and
spacing that reflect the site’ s historical development patterns, regional topography, and functional
relationships (see Figure 4-3). In 1943, development of LANL began with the construction of a
little more than 93,000 gross square feet (8,640 gross square meters) of space. At the end of
2005, LANL had approximately 8,600,000 gross square feet (800,000 gross square meters) of
space. While the number of structures changes with time (there is frequent addition or removal
of temporary structures and miscellaneous buildings), the current breakdown of structuresis

952 permanent structures; 373 temporary structures (such as trailers, transportables, and
transportainers); and 897 miscellaneous structures (such as sheds and utility structures)

(LANL 2006).

Only about 2,400,000 gross square feet (223,000 gross square meters) of space in 409 buildings
is designed to house personnel in an office environment. In addition to onsite office space,
450,000 gross sgquare feet (42,000 gross square meters) of space is leased within the Los Alamos
townsite and White Rock community to provide workspace for an additional 1,683 people
(LANL 2006).

Overall, 43 percent of the structuresat LANL (not including leased or rented space) are more
than 40 years old, and 52 percent are more than 30 years old. A recent condition assessment
survey determined the condition of the facilities as 23 percent being in excellent condition;

17 percent in good; 11 percent in adequate; 17 percent being in fair; 18 percent in poor; and

11 percent in failing condition. Condition assessment requirements cover awide range of criteria
and standards (such as safety, severity, and seismic) (LANL 2006). This represents an
improvement in both building age and condition since the 1999 SWEISwas published.

Although developed areas play avital role at LANL, they make up only asmall part of the site.
Most of the site is undeveloped to provide security, safety, and expansion possibilities for future
mission-support requirements. There are no agricultural activities present at LANL, nor are there
any prime farmlands in the vicinity. In 1977, DOE designated LANL as a National
Environmental Research Park; and, in 1999, the White Rock Canyon Reserve was dedicated.
The Reserveis about 1,000 acres (405 hectares) in size and is located on the southeast perimeter
of LANL. Itismanaged jointly by DOE and the National Park Service for its significant
ecological and cultural resources and research potential (DOE 2003f).

LANL is separated into the following internal land use categories: service and support,
experimental science, high explosives research and development, high explosives testing, nuclear
materials research and devel opment, physical and technical support, public and corporate
interface, reserve, theoretical and computational science, and waste management (see
Figure4-4) (LANL 2003g). Previously, a hazard-based system based on the most hazardous
activity in each TA was used to characterize land use. Six land use categories were delineated
under this system (DOE 1999a).
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The 10 land use categories noted above describe the activities at LANL are defined below.

Administration, Service, and Support—Administrative functions, nonprogrammatic
technical expertise, support, and services for LANL management and employees.

Experimental Science—Applied research and development activitiestied to major
programs.

High-Explosives Research and Devel opment—Research and development of new
explosive materials. Thisland isisolated for security and safety.

High-Explosives Testing—Large, isolated, exclusive-use areas required to maintain safety
and environmental compliance during testing of newly developed explosive materials and
new uses for existing materials. Thisland also includes exclusion and buffer aress.

Nuclear Materials Research and Devel opment— solated, secured areas for conducting
research and development involving nuclear materials. Thisland use includes security
and radiation hazard buffer zones. It does not include waste disposal sites.

Physical and Technical Support—ncludes roads, parking lots, and associated
maintenance facilities; infrastructure such as communications and utilities; facility

mai ntenance shops; and maintenance equipment storage. Thisland use is generally free
from chemical, radiological, or explosives hazards.

Public and Corporate Interface—Provides link with the general public and other outside
entities conducting business at LANL, including technology transfer activities.

Reserve—Areas that are not otherwise included in one of the previous categories. It may
include environmental core and buffer areas, vacant land, and proposed land transfer
areas.

Theoretical and Computational Science— nterdisciplinary activitiesinvolving
mathematical and computational research and related support activities,

Waste Management—Provides for activities related to the handling, treatment, and
disposal of al generated waste products, including solid, liquid, and hazardous materials
(chemical, radiological, and explosive).

The U.S. Forest Serviceis responsible for the Santa Fe National Forest, which encompasses
1,567,181 acres (634,708 hectares) in the Sangre de Cristo Mountains to the east and Jemez
Mountainsto the west of LANL. The Santa Fe National Forest is managed for multiple-use
activities such as logging, cattle grazing, hiking, fishing, hunting, camping, and skiing. The
Dome Wilderness Areais located within the National Forest near Bandelier National
Monument and provides habitat for a number of Federal and state protected species

(DOE 1999).
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The lands of the Pueblo of San lldefonso are
located immediately east of LANL (see
Figure 4-2). Being neighbors of LANL, the The Pueblo of San Ildefonso, through various
Pueblo has a continuing interest in the site and grants and in cooperation with DOE and the

itsimpact on Pueblo lands (see text box). The | LANL operating contractor, conducts a program
of environmental monitoring and assessment of

Pueblo of San lldefonso Monitoring

Pueblo owns or has use of 30,241 acres associated risks. Under this program, Pueblo
(12,238 hectares) of land, including environmental staff obtain environmental
approximately 2,105 acres (852 hectares) samples and perform monitoring on Pueblo of
recently transferred from DOE (as described San lldefonso lands. Environmental sampling

. . . . and monitoring activities are conducted for air,
later in this subsection). Pueblo land useisa water (both groundwater and surface water),
mixture of residentia use, gardening and sediment, biota, and radiation exposure. In
farming, cattle grazing, hunting, fishing, food addition, Pueblo environmental staff track
and medicinal plant gathering, and firewood sampling sites on Pueblo of San lldefonso lands

. . that are used by Federal and state agencies,
production, along with general cultural and assist with maintaining these sites and

resource preservation. Most of the inhabitants collecting samples, and incorporate the

of San Illdefonso live dong New Mexico State sampling results from these external groups into
Road 30 (NM 30) in Santa Fe County, about their database. Monitoring activities are

2.75 miles (4.43 kilometers) northeast of the reported to DOE on a quarterly basis.

LANL boundary. The Pueblo of San Ildefonso
has not adopted aformal land use plan (DOE 1999a).

The National Park Service is responsible for Bandelier National Monument, which was
established in 1916. The Monument consists of two units: the Main Unit (32,937 acres
[13,329 hectares]) located immediately south of LANL, and the Tsankawi Unit (790 acres

[320 hectares]) located to the northeast of LANL. Only asmall portion of the Main Unit has
been developed for visitors; in fact, about 70 percent of this unit has been designated a
Wilderness Area. The Tsankawi Unit is undeveloped. The number of visitors to the Monument
peaked at 410,143 in 1997, but visitation has since declined to about 292,000 in 2002

(LANL 2006).

Also located in the Los Alamos areais the Valles Caldera National Preserve. The Preserve was
created in 2001 when the Federal Government purchased the 89,000-acre (36,017-hectare) Baca
Ranch located inside a volcanic calderain the Jemez Mountain 20 miles (32.2 kilometers) west
of Los Alamos. Studded with eruptive domes and featuring Redondo Peak (11,254 feet

[3,430 meters]), this old ranch property is now being developed to explore a new way of
managing public lands (Valles Caldera Trust 2005).

In 2004, Los Alamos County completed a preliminary draft of the Los Alamos County
Comprehensive Plan. This action was part of the process to update its 1987 Plan (previously
addressed in the 1999 SAVEIS) (DOE 19993, LAC 2004c). The county consists of approximately
69,860 acres (28,272 hectares), most of which is owned by the Federal Government. Only about
8,751 acres (3,541 hectares), including land that has been conveyed from DOE (as described |ater
in the subsection), are under county jurisdiction with much of this land located within the

Los Alamos townsite and White Rock. Among the nine land use types designated in the Plan,
“Federa” appliesto land owned by the Federal Government, primarily the U.S. Forest Service
and DOE. Although the county government has no jurisdiction over these lands, it continues to
seek the cooperation of each Federal entity to achieve the goals set forth in the Comprehensive
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Plan. When Federal land changes ownership, the new owner is required to submit an
amendment to the general plan, as well as a zoning change before the land can be developed
(LAC 2004c). In 1999, Los Alamos County leased 41.5 acres 16.8 hectares) of TA-3 from
LANL for development of aresearch park; to date, about 5 acres (2 hectares) has been developed
(LANL 2003g, 2006).

On the evening of May 4, 2000, employees of the National Park Service ignited a prescribed burn
in aforested area approximately 3.5 miles (2.2 kilometers) west of LANL. The area of the burn
was within the boundaries of Bandelier National Monument along a mountain slope of the Cerro
Grande (DOE 2000f). The next day, the fire was declared awildfire. By thetime it was fully
contained on June 8, the fire had consumed approximately 43,000 acres (17,400 hectares),
including about 7,700 acres (3,110 hectares) on LANL (Balice, Bennett, and Wright 2004) (see
Figure 4-5). Direct effects of the fire on land use at LANL included impacts on numerous site
structures. Of the 332 structures affected by the fire, 236 were impacted, 68 damaged, and

28 destroyed (ruined beyond economic repair). Fire mitigation work such as flood retention
facilities affected about 50 acres (20.2 hectares) of undeveloped land (LANL 2003g). Following
thefire, the Cerro Grande Rehabilitation Project was created to facilitate and implement post-fire
remediation activities. A Wildfire Hazard Reduction Project Plan (LANL 2001b) was developed
to identify and prioritize projects and to provide guidelines for project implementation. This
Plan called for the treatment, including thinning of existing stands, of up to 10,000 acres

(4,047 hectares) to reduce wildfire hazard. Between 2001 and 2004, 7,433 acres (3,008 hectares)
have been treated. In addition, 800 acres (324 hectares) were thinned between 1997 and 1999
(LANL 2006).

Asaresult of the passage of Public Law 105-119, Section 632, 10 tracts (consisting of

32 subtracts) comprising 4,819.51 acres (1,950.41 hectares) were designated for conveyance and
transfer from DOE to the Incorporated County of Los Alamos and the Department of the Interior
to be held in trust for the Pueblo of San Ildefonso. However, the conveyance and transfer of
635.4 acres (257.1 hectares) have been deferred. Thus, the total land to be turned over is
4,184.11 acres (1,693.27 hectares). To date, 2,254.97 acres (912.56 hectares) have been turned
over, including al but 3.4 acres (1.4 hectares) to the Pueblo of San Ildefonso (LANL 2004e,
2006). Thishasresulted in areduction in the size of LANL from 27,520 acres (11,137 hectares)
at the time of publication of the 1999 SWEISto its present size of 25,600 acres (10,360 hectares).

Table 4-2 provides the acreage of each subtract, its status, and the designated recipient.

Figure 4-6 shows the location of the 10 tracts to be turned over. As noted above, under the draft
Los Alamos County Comprehensive Plan (LAC 2004c), conveyed land falling under county
jurisdiction would require a general plan amendment and zoning before development would be
permitted. Some of the lands proposed for transfer are in Santa Fe County and would require a
similar planning process to establish land uses.
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Table4—2 Lands Conveyed to Los Alamos County and Transferred to the Department of
Interior to be Held in Trust for the Pueblo of San Ildefonso

Tract/Subtract
Description Designator Size (acres) Status Recipient
Manhattan Monument A-1 0.07 Conveyed Los Alamos County
Site 22 A-2 0.17 Conveyed Los Alamos County
Airport
Airport-1 (East) A-3 9.44 Conveyed Los Alamos County
Airport-2 (North) A-4 92.6 To be conveyed Los Alamos County
Airport-3 (South) A-5
Unit 1 A-5-1 32.30 Conveyed Los Alamos County
Unit 2 A-5-2 43.78 Deferred 2
Unit 3 A-5-3 14.94 Deferred
Airport-4 (West) A-6 4,18 Conveyed Los Alamos County
Airport-5 (Central) A-7 5.83 Conveyed Los Alamos County
DP Road
DP Road-1 (South) A-8
Unit 1 A-8-A 22.05 To be conveyed Los Alamos County
Unit 2 A-8-B 287 To be conveyed Los Alamos County
DP Road-2 (North) A-9 4.25 Conveyed Los Alamos County
DP Road-3 (East) A-10 13.8 To be conveyed Los Alamos County
DP Road-4 (West) A-11 3.09 To be conveyed Los Alamos County
Los Alamos Area Office
Los Alamos Area A-12 451 Conveyed Los Alamos County
Office-1 (East)
Los Alamos Area A-13 8.82 To be conveyed Los Alamos County
Office-2 (West)
Rendija (A-14) A-14 918.3 To be conveyed Los Alamos County
Technical Area21
TA-21-1 (West) A-15
Unit 1 A-15-1 7.55 Conveyed Los Alamos County
Unit 2 A-15-2 1.18 Deferred
TA-21-2 (East) A-16 252.1 Deferred
Technical Area74
TA-74-1 (West) A-17 5.52 Conveyed Los Alamos County
TA-74-2 (South) A-18
Unit 1 A-18-A 623.0 To be conveyed Los Alamos County
Unit 2 A-18-B 48.0 To be conveyed Los Alamos County
TA-74-3 (North) B-2 2089.88 Transferred Pueblo of San Ildefonso
TA-74-4 (Middle; Little Otowi) B-3 34 To betransferred Pueblo of San Ildefonso
White Rock
White Rock C-1 15.41 To be conveyed NM State Highway and
Transportation Department
White Rock-1 A-19 76.33 Conveyed Los Alamos County
White Rock-2 B-1 14.94 Transferred Pueblo of San Ildefonso
White Rock “Y”
White Rock “Y”-1 C-2 104.1 To be conveyed NM State Highway and
Transportation Department
White Rock “Y”-2 A-20 3234 Deferred
White Rock “Y”-3 C-3 53.6 To be conveyed NM State Highway and
Transportation Department
White Rock “Y”-4 C4 20.1 To be conveyed NM State Highway and

Transportation Department

2 Deferred - not scheduled for conveyance or transfer.
Note: To convert acresto hectares, multiply by 0.40469.

Source: LANL 2006.
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41.2 Visual Environment

The natural setting of the Los Alamos area is panoramic and scenic. The mountain landscape,
unusual geology, varied plant communities, burned over areas, and archaeological heritage of the
area create adiverse visua environment. The topography of northern New Mexico is rugged,
especialy in the vicinity of LANL. Mesatops are cut by deep canyons, creating sharp anglesin
the land form. In some cases, slopes are nearly vertical. Often, little vegetation grows on these
steep slopes, exposing the geology, with contrasting horizontal strata varying from fairly bright
reddish orange to almost white in color.

A variety of vegetation occursin the region, the density and height of which may change over
time and can affect the visibility of an areawithin the LANL viewshed. Generally, portions of
LANL located along mesa tops at lower elevations toward the eastern site boundary are covered
with grasslands, mixed shrubs, or short trees, with sparsely distributed taller trees, allowing
greater visibility from within the viewshed. In contrast, portions of LANL located at upper
elevations toward the western boundary are more densely covered by tall mixed conifer forests
that reduce the visibility of these areas (DOE 1999a).

The most obvious modern alteration of the natural landscape is development. Many buildings at
LANL were built as temporary structures and present an austere and utilitarian appearance. As
viewed from adistance at lower elevations, LANL is primarily distinguishable among the treesin
the daytime by views of its water storage towers, emission stacks, the white-colored domes at
TA-54, and occasional glimpses of older buildings. However, the new National Security
Sciences Building is eight stories in height and is highly visible. The Los Alamos townsite
appears mostly residentia in character, with the water storage towers being visible against the
forested backdrop of the Jemez Mountains. At elevations above LANL, along the upper reaches
of the Pgjarito Plateau rim, the view of LANL is primarily of scattered buildings among heavily
forested areas and the multi-storied buildings within TA-3. Similarly, the residential character of
the Los Alamos townsite is predominately visible from higher elevation viewpoints (DOE 1999a,
LANL 2004e).

At night, the lights of LANL, the Los Alamos townsite, and White Rock are directly visible from
various locations across the viewshed as far away as the towns of Espafiola and Santa Fe.
Because there islittle nighttime activity at LANL, there are relatively few security light sources
compared to the nearby communities; thus, at a distance, the distinction between LANL and the
two communitiesislost to the casua observer (DOE 1999a).

In order to decrease the impact of development, new structures generally have been designed and
built to have a more unified and modern style. Further, recent construction has been sensitive to
the effects of taller, more visible structures on the visual environment. For example, radio towers
and the Emergency Operations Center water tower, have been painted to blend with the
background (LANL 2003g, DOE 2001).

An important viewpoint of LANL is Bandelier National Monument. Separate units of the
Monument border LANL to the south (Main Unit) and northeast (Tsankawi Unit) (see

Figure 4-2). Viewsfrom the Main Unit along NM Route 4 generally are of anatural landscape,
although there are instances where LANL structures are visible. These include miscellaneous
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buildings and infrastructure located in TA-33, several facilities and infrastructure associated with
TA-49, and TA-16 facilities located east of NM Route 501 near where it meets NM Route 4.
Visiblein the vicinity of Bandelier's main entrance are a water tower and a National
Radioastronomy Observatory Very Long Range Array telescope, both located within TA-33.
Panoramic views of LANL and the Los Alamos townsite are avail able from higher elevations of
the western portion of the Main Unit. Views from the Tsankawi Unit include the temporary truck
inspection station and some of the taller structures found within LANL and the Los Alamos
townsite.

Views from various locations in Los Alamos County and itsimmediate surroundings were
altered by the Cerro Grande Fire of 2000. Although the visual environment is still diverse,
interesting, and panoramic, both summer and winter vistas were severely affected by the fire. For
example, rocky outcrops forming the mountains are now more visible through the burned forest
areas than in the past, and the eastern slopes of the Jemez Mountains present a mosaic of burned
and unburned areas. While many LANL facilities are still generally screened from view, some
developed areas that were previously screened by vegetation are now more visible to passing
traffic (DOE 2000f, LANL 2004e).

Since 1997, wildfire prevention activities, such asforest thinning, have been implemented at
LANL on an accelerated schedule. Between 1997 and 2004, 8,233 acres (3,332 hectares) of
forests and woodlands had been thinned resulting in a more open, park-like forest. Thishas, in
turn, increased the visibility of some facilities. Additionally, an outbreak of bark beetles
beginning in 2001 has killed thousands of trees; thus, further opening the forest and making
LANL facilities more visible (LANL 2004e, 2006).

To date, 2,255 acres (913 hectares) of land have been turned over to Los Alamos County and the
Department of the Interior to be held in trust for the Pueblo of San Ildefonso (LANL 2004e).
However, this has not resulted in a change in the visual setting of either the site or the
surrounding area, since development has not yet occurred on any of this land.

Following the events of September 11, 2001, a number of changes that limited or redirected
public access to facilitiesat LANL were initiated. This has resulted in fewer opportunities for
the public to view LANL facilities (LANL 2004€).

4.2 Geology and Soils

This section describes the geology, geologic conditions, soils, and mineral and geothermal
resources present at LANL and the surrounding area. In general, the information provided in
Section 4.2 of the 1999 SMVEISis current; the most significant changes are updates to seismic
conditions and the effects of the 2000 Cerro Grande Fire on soil characteristics and erosion.

421 Geology

The geology of the LANL region is the result of complex faulting, sedimentation, volcanism, and
erosion over the past 20 to 25 million years (DOE 1999a). LANL lies on the Pgjarito Plateau,
which isformed of volcanic tuffs (welded volcanic ash) deposited by past volcanic eruptions
from the Jemez Mountains to the west (see Figure 4—7). The Jemez Mountains are a broad
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highland built up over the last 13 million years through volcanic activity. Latein the period of
volcanism, cataclysmic eruptions from calderas in the central part of the Jemez Mountains
deposited the thick blankets of tuff that form the Pajarito Plateau (Broxton and Vaniman 2004).
Volcanic activity culminated with the eruption of the rhyolitic Bandelier Tuff from 1.6 to

1.22 million years ago (DOE 1999a). During emplacement, intense heat and hot volcanic gases
welded portions of these tuffsinto hard, resistant deposits that make up the upper surface of the
plateau. Most of the bedrock on LANL property is composed of the salmon-colored Bandelier
Tuff (DOE 2004e). The surface of the Pajarito Plateau is divided into numerous narrow, finger-
like mesas separated by deep east-to-west-oriented canyons that drain to the Rio Grande. The
canyons were formed by streams flowing eastward across the plateau from the Jemez Mountains
to the Rio Grande.
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Source: LANL 2005j.

Figure4—7 Generalized Cross-Section of the L os Alamos National L aboratory Area

Since the 1999 SAVEISwas issued, some specific geological information has been updated. The
Cerro Toledo “Interval” of the Bandelier Tuff unit consists of volcaniclastic sediments and
tephras reaching a thickness of 400 feet (122 meters) (LANL 2004e), an increase from the
previously reported maximum thickness of 130 feet (40 meters) (DOE 1999a).
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Chapter 4 — Affected Environment

4.2.2 Geologic Conditions

This subsection describes the geologic conditions that could affect the stability of buildings and
infrastructure at LANL. It includes stratigraphy, volcanic activity, seismic activity (earthquakes),
slope stability, surface subsidence, and soil liquefaction.

4221  Stratigraphy

The upper sequence of rocks that underlie LANL are exposed in the 600 to 1,000 feet (183 to
305 meters) deep, steep-sided canyons cut into the surface of the Pgjarito Plateau. The exposed
rocks range in age from middle Eocene sediments of the Santa Fe Group to Quaternary alluvium
(LANL 1996a). The layersvary in hardness and resistance to erosion; the light-colored units
tend to be softer and to form slopes on canyon walls, and darker-colored units tend to be harder
and to form vertical cliffs. The following discussion briefly describes the geologic formationsin
relation to LANL.

The Santa Fe Group is the deepest sedimentary sequence beneath the site (see Figure 4-7). It was
deposited in the Espariola basin, a Rio Grande rift basin that underlies the LANL area. Thegroup
ranges from early Eocene to late Pliocene in age; the uppermost sediments are late Miocene
beneath the western and central Pgjarito Plateau and grade upward into the late Pliocene to the
east. The deposits consist of a series of light pink to buff-colored fluvial (stream deposited)
siltstones and silty sandstones with afew lenses of conglomerate and clay. In some sections, the
sediments are interbedded with basalt flows (NPS 2005a). To the east, these flowsrepresent the
Cerros del Rio Basdlts (Broxton and Vaniman 2004).

The Puye Formation overlies the Santa Fe Group beneath the western and central Pgjarito Plateau
and thins beneath the eastern plateau (see Figure 4-7). It consists of coalescing alluvial fans that
were shed eastward from the domes and flows of the Sierrade los Valles, and as aresult the
formation overlaps and postdates the Tshicoma Formation. The sediments are late Miocene to
late Pliocene in age. They generally consist of interbedded gray-colored fluvial sandstones and
gravels. The upper part of the Puye Formation is interlayered with lavaflows. To the east, the
flowsrepresent the Cerros del Rio Basalts (see Figure 4-7). The Cerros del Rio Basaltsare a
series of basaltic and related lava flows separated by generally thin beds of sedimentary deposits
of the Santa Fe Group and Puye Formation (Broxton and VVaniman 2004).

The Bandelier Tuff isthe uppermost stratigraphic unit on the Pgjarito Plateau. It forms the
foundation for most LANL facilities and forms the canyon walls along LANL streams

(LANL 1996a). The Bandelier is alate Pliocene to Quaternary volcanic deposit formed primarily
by eruption of the Valles and Toledo calderas at 1.6 and 1.22 million years ago (DOE 1999a).
The eruptions produced widespread and voluminous ash flow sheets made up of pumice, tuffs,
and some interlayered sediments.

During and shortly after tuff deposition, extreme heat indurated (hardened by heating) some of
the layers, forming welded tuff deposits. These welded tuffs and other volcanic deposits
(including basalt flows) were fractured due to cooling and non-seismic processes. The size,
extent, density, and orientation (vertical, horizontal, or inclined) of the fractures varies between
successive layers as well as both vertically and laterally within individua layers. The induration
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and fracturing of the volcanic deposits at LANL are an important control on canyon wall
formation, slope stability, subsurface fluid flow, seismic stability, and engineering properties of
the rocks.

The layers that form the Bandelier Tuff and the cliff-forming units areillustrated in Figure 4-8.
Most LANL facility foundations are either on or within the Tshirege Member (upper member) of
the Bandelier Tuff. The Tshirege Member consists of a series of generally thick welded tuff
sheets deposited by multiple volcanic flows. It containsseveral units, all of which are
recognizable due to differences in physical and weathering properties. From the bottom to the top
of the Member, the subunits are as follows (LANL 1999a):

The Tsankawi Pumice Bed (Qbtt) is the basal pumice fallout deposit of the Member.
This pumice bed is typically 20 to 30 inches (50 to 70 centimeters) thick at LANL. Itis
composed of angular to subangular volcanic rock particles up to 2.4 inches

(6 centimeters) in diameter.

Qbt 1g isthe lowermost unit of the Member. It is a porous, nonwelded, poorly sorted, ash
flow deposit. It is poorly indurated but forms steep cliffs because a resistant bench near
the top of the unit forms a protective cap over the softer underlying tuff. Qbt 1g underlies
most of the mesas and is exposed in canyon walls 